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1 Introduction 
Records of real ground motions during earthquakes, the 
processing of which provides data for datahases and 
catalogs of parameters , form the experimental basis for 
predicting seismic effects in earthquake-prone areas. 
Regional observational networks allow us to study the 
dependence of seismic effects upon source characteris-
tics and the wave propagation medium to enable ground 
motion predictions within the scope of general and de-
tailed seismic zonation. Data from local networks can 
be used to study the nature of how local factors influ-
ence seismic effects to increase the effectiveness of 
seismic microzonation. 
The most important part of our ground motion data-
base comprises the parameters of accelerograph records 
provided by the local digital strong motion network that 
covers the territory of Almaty city and vicinity. In addi-
tion , record parameters of the earlier operated analog 
regional and local strong motion networks are available. 
Because of the relatively low recurrence of strong and 
medium events and locality of the digital strong motion 
network , the available data are not sufficient to model 
seismic effects for the required range of magoitudes and 
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distances. To increase the amount of experimentally ob-
served ground motion parameters in addition to strong 
motion records, we also parameterize the appropriate 
velocigrams recorded by the regional digital network 
with continuous registration. 
All these parameters are included in 1 ) The catalog 
aod the database of ground motion parameters from the 
strong motion networks and 2 ) the catalog of ground 
motion parameters from the continuous registration net-
work. 
2 Analog strong motion networks 
In Kazakhstan, installation of strong motion instruments 
with analog registration of acceleration , velocity , and 
displacement began in 1970. The strong motion network 
was created after 1980. That analog network included a 
regional part consisting of 28 points in southern, south-
east, and eastern Kazakhstan and a local part consis-
ting of 8 sites located in different engineering-geolog-
ical conditions within Almaty city and vicinity. In Al-
maty, in addition to stations of the Institute of Seismol-
ogy , the engineering-seismological points of the Kazakh 
State Research Experimental Design Institute on Earth-
quake Engineering and Architecture ( KazNIISSA ) 
were operated. Sensors in the regional network were in-
stalled in the free field and in adits in rock ; in the lo-
cal network sensors were installed in the basements of 
No.1 Silacheva N ,et al.Catalogs of ground motion parameters for earthquake-prone regions in Kazakhstan 21 
two- to five-storey buildings on separated concrete ped-
estals, and the KazNIISSA instruments were installed 
in basements, on different floors , and on roofs of 
buildings. The layout of the analog regional and local 
strong motion networks, together with the recorded 
earthquakes ( 1970-1995) , is shown in figure 1. 
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Figure 1 Analog regional and local strong motion networks together with the recor-
ded earthquakes ( 1970- 1995) 
For the period of analog recording ( 1970-1995), 
parameters from 547 records of horizontal and vertical 
components from 69 earthquakes with magnitudes M LH 
( magnitude from horizonal surface waves ) of 2. 0 -
7. 5 , epicentral distances of 28- 600 km, and depths 
of 5-25 km are available[!]. Several deeper earth-
quakes occurred outside the Northern Tianshan territo-
ry. Recorded acceleration amplitudes varied from 0. 1 
to 80 cm/s2 • Peak ground accelerations of 675 and 
537 em/ s2 ( Fig. 2) were recorded for the horizontal 
components by the KRM station located in close vicini-
ty to the source of the 12.11.1990 Baisorun earthquake 
( M LH = 6. 3 , Re = 35 km) . Other stations also recor-
ded their strongest ground motions during that earth-
quake. The maximum directly recorded velocity of 
14 em/ s was obtained by the KRM station during the 
same earthquake. 
In addition to the catalog of parameters of the analog 
records[ 2J , a complementary electronic catalog was 
compiled for events with energy classes K;::.12 ( MLH;::. 
4. 5) recorded in 1970-1995 by the local and regional 
analog strong motion networks of Kazakhstan. A frag-
ment of this catalog is shown in table 1. 
Figure 2 Analog accelerogram ( SSRZ) recorded by the KRM 
station during the November.l2.1990 Baisorun earth-
quake 
3 Digital strong motion network 
Since 2000 the digital strong motion network has opera-
ted within Almaty city and vicinity. The network in-
cludes 15 sets of accelerographs (Altus Etna, Kinem-
etrics, USA) . The stations are located in different en-
gineering-geological conditions. Their position with re-
spect to fault systems and generalized types of subsur-
face sediments is shown in figure 3. Shear wave veloci-
ty and density characteristics of the upper 20 m soil 
layer at the stations[ 3J are shown in figure 4. 
During the operation period of the digital strong mo-
tion network, 388 three-component records from 66 
earthquakes were obtained and parameterized. Their 
magnitudes ranged from 2 to 5. 9 ( M Pv ( magnitude from 
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Table 1 A fragment of the electronic catalog of ground motion parameters for events with energy class 
K ;a. 12 (M, ;a. 4. 5) recorded by the strong motion networks of Kazakhstan 
Date Origin time 
No (YY-MM-DD) (GMT) 
Lat Lon Depth Magnit- Type Energy Station Rep Intensity lustrum- Type of Recorded Comp (N deg) (E deg) (km) ude(M) of M class(K) code (km) at site(l) ent type record parameter 
Arnax ~ Period 
cm/s (s) 
12 1970-06-05 04:53:05.0 42.48 78.89 12 
13 1979-04-06 18:30:04.8 41.96 77.43 20 
14 1979-04-06 18:30:04.8 41.96 77.43 20 
15 1979-04-06 18:30:04.8 41.96 77.43 20 
16 1979-04-06 18:30:04.8 41.96 77.43 20 
17 1979-04-06 18:30:04.8 41.96 77.43 20 
18 1982-12-31 19:46:46.4 42.87 77.37 20 
19 1982-12-31 19:46:46.4 42.87 77.37 20 
20 1982-12-31 19:46:46.4 42.87 77.37 20 
21 1982-12-31 19:46:46.4 42.87 77.37 20 
22 1982-12-31 19:46:46.4 42.87 77.37 20 
23 1982-12-31 19:46:46.4 42.87 77.37 20 
24 1982-12-31 19:46:46.4 42.87 77.37 20 
25 1982-12-31 19:46:46.4 42.87 77.37 20 
26 1982-12-31 19:46:46.4 42.87 77.37 20 
27 1982-12-31 19:46:46.4 42.87 77.37 20 
28 1982-12-31 19:46:46.4 42.87 77.37 20 
29 1982-12-31 19:46:46.4 42.87 77.37 20 
BUR 
!'; 
'I I 
/ 
// 
I 
II /I /I 
/ 
Strong motion stations = -faults 
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5.0 M1h 13.3 SCH 160 3-4 OPS A 
5.2 M1h 13.7 MDO 42 4-5 S-5-S A 
5.2 M1h 13.7 MDO 42 
5.2 M1h 13.7 ABA 52 
5.2 M1h 13.7 ABA 52 
5.2 M1h 13.7 ILl 113 
5.2 M1h 13.7 ILl 113 
5.2 M1h 13.7 TSH 41 
5.2 M1h 13.7 TSH 41 
5.2 M1h 13.7 KRT 140 
5.2 M1h 13.7 KRT 140 
5.2 M1h 13.7 TLG 45 
5.2 M1h 13.7 TLG 45 
4-5 S-5-S 
4-5 S-5-S 
4-5 S-5-S 
4 S-5-S 
4 S-5-S 
5 S-5-S 
5 S-5-S 
3-4 S-5-S 
3-4 S-5-S 
A 
A 
A 
A 
A 
A 
A 
A 
A 
4 
4 
SMTR A 
SMTR A 
AC 
AC 
AC 
AC 
AC 
AC 
VL 
VL 
VL 
VL 
VL 
VL 
VL 
VL 
VL 
VL 
DP 
DP 
cm/s,cm 
X 15.000 0.34 
X 5.700 0.15 
X 7.900 0.14 
y 6.600 0.15 
y 4.900 0.15 
y 4.800 0.16 
NS 0.260 0.25 
EW 0.200 0.30 
NS 0.400 0.50 
EW 0.640 1.00 
NS 0.200 0.40 
EW 0.260 0.30 
NS 0.360 0.60 
EW 0.260 0.30 
NS 0.240 0.30 
EW 0.140 0.40 
NS O.Q78 0.52 
EW 0.025 0.61 
.&_-digital Q -analog ~ -city border 
vertical surface waves) = 3. 3-6. 7), with epicentral 
distances of 10-340 km and depths of 2-25 km. The 
magnitude and distance data content is presented in 
figure 5. The majority of data characterize earthquakes 
with Mpv of 5-6. For weaker earthquakes, parameters 
were determined at shorter distances; for medium and 
stronger earthquakes father distances were used. The 
14.02.2005 earthquake (Ms = 5. 9, R. = 260 km) 
was the strongest, whereas the 19.06.2002 event with 
Ms < 2 and an epicentral distance of 9-26 km was the 
closest. Maximum accelerations in the city territory 
were recorded during the close events (the 29.12.2007 
earthquake (Ms = 3. 7, R. = 40 km) at the VRG sta-
tion (54. 9 em/ s2 ) and the 2011-05-01 earthquake 
(Ms = 4. 3, R. = 61 km) at the ARZ station ( 34. 0 
em/ s2 ) ) as well as during the stronger but more re-
mote events (the 2012-05-03 earthquake ( Ms = 
5. 0, R. = 147 km) at SLH ( 40.4 crnls2 ) and the 
2003-12-01 Narynkol earthquake ( Ms = 5. 7, R. = 
300 km) at the ARZ ( 35. 6 crnls2 ) and SLH ( 30. 3 
em/ s2 ) stations) . The layout of the local digital strong 
motion network, together with the recorded earth-
quakes, is shown in figure 6. 
T Outcrops _of lower and middle Quaternary sediments in the 
- zone of piedmont steps 
L£j ~~~~~deb~~~~ternary and modem sediments of the 
[]] The transition zone between debris cones and piedmont plane 
4 The poedmont plane 
5 Outcrops of lower and middle Quaternary sediments in the zone of poedmont plane 
Figure 3 Layout of the local digital strong motion network with 
respect to the fault system and generalized types of 
subsurface sediments 
The data are processed by using Kinemetrics Strong 
Motion Analyst program. Waveforms are kept as Altus 
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Figure 4 Velocity and ground density variations with depth in the upper 20 m layer under the stations 
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Figure 5 Magnitude and distance data content provided by 
the local digital strong motion network 
series EVT files for acceleration as well as ASCII files 
for acceleration, velocity, and displacement. Process-
ing results are tabulated into a data bank containing 
catalogs of registered earthquake source parameters , 
main and spectral parameters of records , and an album 
of local characteristics for ground motion observation 
sites ( description, stratigraphic columns, P -and S-
wave velocities, and density) . A fragment of the cata-
log is shown in table 2. A bulletin including identifica-
tions of earthquake and observation points , graphic ex-
pressions of waveforms, amplitude Fourier spectra , and 
response spectra is compiled for the stronger events. A 
ground motion database is maintained in Microsoft Ac-
cess format. Some of these data were published in 2011 
in the Catalog of Ground Motion Parameters from the 
Digital Strong Motion Network Data in the Territory of 
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Figure 6 Digital local strong motion network with the recorded earthquakes 
Table 2 A fragment of the catalog of ground motion parameters from digital strong motion network data 
No Date Origin time 
(GMT) 
Lat Lon Depth Magnit- Type Energy Station Rep 
(km) 
Sensor Type of Rec PGA SA(5%) Period 
Comp ( cm/sz) ( cm/sz) ( s) (YY-MM-DD) ( N deg) ( E deg) ( km) ude( M) of M class( K) code type record param 
908 2011-05-01 02:31:28.9 43°35' 77°42' 20 
909 2011-05-01 02:31:28.9 43°35' 77°42' 20 
910 2011-05-01 02:31:28.9 43°35' 77°42' 20 
911 2011-05-01 02:31:28.9 43°35' 77°42' 20 
912 2011-05-01 02:31:28.9 43°35' 77°42' 20 
913 2011-05-01 02:31:28.9 43°35' 77°42' 20 
914 2011-05-01 02:31:28.9 43°35' 77°42' 20 
915 2011-05-01 02:31:28.9 43°35' 77°42' 20 
916 2011-05-01 02:31:28.9 43°35' 77°42' 20 
917 2011-05-01 02:31:28.9 43°35' 77°42' 20 
918 2011-05-01 02:31:28.9 43°35' 77°42' 20 
919 2011-05-01 02:31:28.9 43°35' 77°42' 20 
920 2011-05-01 02:31:28.9 43°35' 77°42' 20 
921 2011-05-01 02:31:28.9 43°35' 77°42' 20 
922 2011-05-01 02:31:28.9 43°35' 77°42' 20 
923 2011-05-01 02:31:28.9 43°35' 77°42' 20 
924 2011-05-01 02:31:28.9 43°35' 77°42' 20 
924 2011-05-01 02:31:28.9 43°35' 77°42' 20 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Ms 
Almaty City for the period of 2000 - 2011 [ 4J. The 
ground motion database for parameters of strong motion 
records is kept in Microsoft Access format. 
Apart from the strong motion network of the Institute 
of Seismology ( IS ) and Seismological Expedition 
( SEME) , several seismic stations with accelerometers 
belonging to Institute of Geophysical Research have 
13.1 MRV 73.1 EpiSensor D 
13.1 MRV 73.1 EpiSensor D 
13.1 MRV 73.1 EpiSensor D 
13.1 CSO 75.3 EpiSensor D 
13.1 CSO 75.3 EpiSensor D 
13.1 CSO 75.3 EpiSensor D 
13.1 MDO 70.1 EpiSensor D 
13.1 MDO 70.1 EpiSensor D 
13.1 MDO 70.1 EpiSensor D 
13.1 ARZ 60.9 EpiSensor D 
13.1 ARZ 60.9 EpiSensor D 
13.1 ARZ 60.9 EpiSensor D 
13.1 KSK 95.3 EpiSensor D 
13.1 KSK 95.3 EpiSensor D 
13.1 KSK 95.3 EpiSensor D 
13.1 VRG 65.9 EpiSensor D 
13.1 VRG 65.9 EpiSensor D 
13.1 VRG 65.9 EpiSensor D 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
AC 
EW 16.238 54.87 0.3 
NS 14.338 45.129 0.2 
z 5.174 15.866 0.1 
EW 17.364 69.903 0.13 
NS 10.975 39.102 0.12 
z 9.083 42.561 0.12 
EW 14.199 69.002 0.22 
NS 18.218 87.602 0.22 
z 7.320 30.135 0.13 
EW 34.020 103.88 0.19 
NS 28.457 96.599 0.18 
z 11.411 38.994 0.22 
EW 3.513 12.083 0.22 
NS 3.727 12.564 0.22 
z 3.289 13.436 0.095 
EW 21.688 80.311 0.2 
NS 16.605 52.518 0.22 
z 12.750 32.771 0.095 
been operating since 2010 in low-seismicity areas of 
central and southeastern Kazakhstan. Currently, two 
projects on strong motion networks are operational : a 
project to enlarge the strong motion network belonging 
to the National Seismological Center (IS and SEME) 
and an international project to deploy a strong motion 
network in Central Asia. 
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4 Digital network of continuous re-
cording 
The gradual replacement of analog instruments of the 
regional network with continuous recording by digital 
velocigraphs ( Quanterra 730, IDS 24, DAS 6102) be-
gan in 2003. Their data are primarily used for epicenter 
location, estimation of magnitudes, and source mecha-
nism decision. To enlarge our regional ground motion 
database we also used the appropriate records without 
stub peaks for parameterization [ SJ • The station layout 
and epicenters of the earthquakes whose records were 
used for parameterization are shown in figure 7. Figure 
8 shows the magnitude and distance data content. 
Regional network records considerably increase the 
number of data on ground motion parameters for M s 
from 4 to 7 at intermediate and far distances. A total of 
1590 three-component records of 47 stations from 425 
earthquakes were processed and parameterized. Mpv 
magnitudes ranged from 3. 5 to 7. 6, distances ranged 
from 38 to 600 km, and depths ranged from 5 to 35 km. 
Figure 7 Station layout and epicenters of the earthquakes whose recorded parameters were included in the catalog 
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Figure 8 Magnitude and distance data content used 
for parameterizations 
The maximum acceleration of 22. 5 em/ s2 was obtained 
during the 2011-05-01 earthquake at the SAT station 
( Mpy = 5. 9, Ms = 4. 3, Re = 84 km). For processing 
and parameterization of digital velocigrams the DIMAS 
and ViewW ave programs are additionally used. The 
catalog of ground motion parameters from the data of 
the digital network of continuous registration includes 
information about EQ source parameters, stations , and 
recorded and calculated parameters of records. A frag-
ment is shown in table 3. A table of station parameters 
is also available. 
Thus the catalogs of ground motion parameters for 
the earthquake-prone areas of southern and southeast-
ern Kazakhstan include at present the observed and 
calculated peak and spectral accelerations and veloci-
ties as well as predominant periods of ground motions 
caused by earthquakes with Ms magnitudes of 2-6. 5 at 
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Table 3 Fragment of tbe catalog of ground motion parameters from tbe digital 
network of continuous registration data for EQs witb K ;. 12 
Dote 
No (YY-MM-DD) 
Origin time Lot Lon Iloplh M, M, K Station (GMT) (N) (E) (km) 
10 2011-05-01 02,31,30.403 4335 7742 20 5.9 4.3 13.1 
11 2011-05-01 09,31,55.459 4337 7740 25 5.2 3.5 11.7 
12 2011-05-01 11,37,09.609 4335 7740 20 5.1 2.7 11.4 
13 2011-05-01 20,29,04.994 4337 7740 20 5.1 2.8 11.3 
14 2011-05-01 23,27,26.882 4335 7740 15 4.7 3.5 10.3 
15 2011-05-01 23,52,41.500 4337 7741 20 4.8 3.6 10.4 
16 2011-05-12 18,20,28.654 4148 7931 10 4.9 3.1 10.8 
17 2011-05-12 06,48,08.850 4155 8210 15 4.6 4.1 10.5 
19 2011-05-12 10,51,47.510 4156 8157 5 5.2 4.4 11.2 
distances from 10 to 600 km. The digital waveforms are 
kept in a database. Accumulated data are used for pre-
dicting seismic effects[6-7l in seismic hazard assessment 
and microzonation. 
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